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(57) Abstract: An installation for transmission of electric power via 
a high- voltage ac voltage line between two switchgear units, located 
at a large distance from each other, has an ac voltage line with at 
least one extruded cable (4*, 4' *)* for the transmission of the elec- 
tric power, with an inner electric conductor, an insulating layer of 
solid material surrounding said conductor, and an outer screen layer 
located at ground potential. In addition, the installation has one or 
more inductors (13), located along the extent of the cable between 
the switchgear units and integrated into the cable, said inductors be- 
ing connected between the conductor of the cable and ground for 
reactive shunt compensation. 



WO 2004/027958 PCT/SE2003/001426 
An installation for transmission of electric power 
FIELD OF THE INVENTION AND BACKGROUND ART 

The present invention relates to an installation for trans- 
mission of electric power via a high-voltage ac voltage line 
between two switchgear units located at a large distance 
from each other. 



10 The invention is not limited to a certain number of phases 

of the ac voltage line, but this line could, for example, be 
a single-phase line just as well as a three-phase line. 

The term "high- voltage" in this context means a system vol- 
15 tage exceeding at least 10 kV, and typically such a voltage 
is between 50 kV and 500 kV. 



The definition "switchgear units located at a large distance 
from each other" is to be interpreted as a distance that is 

20 at least so large that the use of extruded cables with an 

inner electric conductor, an insulating layer of solid mate- 
rial surrounding this conductor, and an outer screen layer 
located at ground potential has been considered to be an im- 
possible alternative for the formation of the above-mentio- 

25 ned ac voltage line because of the high capacitive currents 
that would be generated in such long cables and make the 
current handling capacity of the line unacceptably low. In 
practice, this normally means distances exceeding at least 
25 km. In such installations, non-insulated overhead lines 

30 have primarily been used in order to form the ac voltage 

line mentioned. However, such overhead lines have a relati- 
vely great disturbing influence on nature and living beings, 
where they are drawn. The alternative has been to use cables 
with an inner conductor surrounded by a thick insulating 

35 sheath formed from oil- impregnated paper, but such cables 
are so expensive that they do not constitute a realistic 
alternative to the overhead lines. An extruded cable as 
mentioned above may be provided at a cost that, in combina- 
tion with the advantages it exhibits with respect to envi- 
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ronmental impact, would make it competitive with respect to 
the overhead lines, but it has not been possible to use it 
installations of this kind because of the problems men- 
tioned above. The conclusion has been that, to use such a 
■..able for an ac voltage line as mentioned above, it would 
v ave been necessary to place a plurality of substations with 

* tchgear units between the above-mentioned two switchgear 

vts located at a large distance from each other, so that, 
* vi actual fact, the distance would not become large but iri- 

ead small between two adjacently located switchgear units. 

'g would have become unreasonably expensive and has there- 
,»ce not been a conceivable solution. 



Nummary of the invention 

5 

The object of the present invention is to provide an in- 
stallation of the kind defined in the introduction, which is 
improved in relation to prior art installations of this 
kind . 

0 

This object is achieved according to the invention in that, 
in such an installation, the ac voltage line for transmis- 
sion of the electric power is provided with at least one 
extruded cable with an inner electric conductor, an insu- 

5 lating layer of solid material surrounding this conductor, 
and an outer screen layer located at ground potential, and 
in that the installation, in addition, is provided with one 
or more inductors arranged along the extent of the cable 
between the switchgear units and integrated into the cable, 

0 the inductors being connected between the conductor of the 
cable and ground for reactive shunt compensation. 

Because inductors are integrated into the cable in this way, 
the capacitive currents produced in the cable may be compen- 
;5 sated for and a satisfactory current handling capacity may 
be imparted to such a cable even if it extends over long 
distances. This means that the advantages possessed by an 
extruded cable over an overhead line with respect to a 
greatly reduced disturbing influence on nature and living 
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beings and in relation to cables with insulation of oil- 
impregnated paper with regard to the cost may be utilized in 
such an installation for transmission of electric power via 
a high-voltage ac voltage over long distances. The above- 
5 mentioned integration of inductors into the cable permits a 
reactive compensation to be made at a reasonably low cost 
that only constitutes a fraction of what the above-mentioned 
substations with switchgear units would have involved. 



10 The integration of the above-mentioned inductors into the 

cable and the fact that the cost of these is relatively low, 
which means that they may be arranged relatively close to- 
gether, makes it possible to use a cable that is relatively 
thin for a given voltage level, which, admittedly, gives a 

15 higher capacitive coupling and therefore a greater problem 
with capacitive currents than a thicker cable, but the in- 
ductors according to the invention deal with this problem. 
One advantage of using as thin a cable as possible is that 
larger quantities of the cable may be run out at a time on a 

20 drum and be laid such that there will be a longer distance 

between the joints of the cable, and such joints are costly. 
Such a relatively close arrangement of inductors also per- 
mits these inductors to be dimensioned to be relatively 
small . 

25 

By * inductors integrated into the cable" is meant that the 
inductors are arranged in immediate proximity to the cable. 
In the case of a polyphase line, this line exhibits one such 
cable per phase. In this context, each cable exhibits inte- 
30 grated inductors, but the inductors could be of a polyphase 
type such that one inductor is common to several cables. 

According to a preferred embodiment of the invention, the 
installation comprises several such inductors, distributed 
35 along the line at a considerable mutual distance, and pre- 
ferably the inductors are essentially uniformly distributed 
along the line. In this way, the current handling capacity 
in the conductor of the cable will be influenced by capaci- 
tive currents only during each section between adjacent such 
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inductors, and because of the compensation achieved through 
the inductors, the current handling capacity of the conduc- 
tor will be limited to an insignificant degree. In this way, 
it will be possible to arrange an ac voltage line of this 
5 kind with one or more cables with a very long distance be- 
tween the switchgear units mentioned. 

According to another preferred embodiment of the invention, 
the inductor is completely or partially buried into the 
10 ground, which is advantageous since the connections between 
the inductor and the cable under the ground eliminate the 
requirement for protection and thus reduces the cost of the 
installation. 

15 According to another preferred embodiment of the invention, 
the inductor comprises a winding that is arranged in a cas- 
ing located at ground potential and that is connected by one 
end to the electric conductor of the cable and by its other 
end to the casing. 

20 

According to another preferred embodiment of the invention, 
the inductor is provided with an auxiliary winding for deli- 
vering auxiliary energy to a consumer, such as equipment for 
operation of parts of the installation and communication 

25 between such parts and/or between the installation and ex- 
ternal equipment. This provides a possibility, simultane- 
ously with the cable being installed, of supplying a plura- 
lity of different consumers, such as those mentioned above, 
with electric power. The cost of such a supply winding in 

30 the inductor is very low compared with separate pulling of 
cables to a consumer as mentioned above. 

According to another preferred embodiment of the invention, 
the installation comprises an optical fibre, laid along the 
35 cable or integrated into the cable, for use of a device for 
protection of the installation and/or commercial communica- 
tion within the installation and/or with the surroundings. 
Such an optical fibre may, in this way, be laid in a simple 
manner when the cable is being laid, such that different 
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types of protection equipment for protection of the cable 
and the inductors or other parts of the installation may 
"talk" to each other, and when this is done it may just as 
well be designed for other applications in the form of 
5 commercial communication, such as for telecommunications. 

According to another preferred embodiment of the invention, 
the ac voltage line exhibits three phases with one cable of 
the above-mentioned kind for each phase and the inductor is 

10 of three-phase type with the cables of the respective phase 
connected to a separate inductor winding of a respective 
phase leg of a common core. Such a design of a common induc- 
tor for all three cables could in certain situations lead to 
a more advantageous arrangement of the inductor than if a 

15 separate inductor were to be arranged for each cable and/or 
lead to a saving of costs. However, it should be pointed out 
that it is fully possible to arrange, in the three-phase 
case, along the extent of the cables, a separate inductor 
for each cable. 

20 

Advantageously, the dimensioning of an inductor of the 
above-mentioned kind and the distance between adjacently 
located inductors and between such an inductor and a switch- 
gear unit, respectively, are adapted to the magnitude of the 

25 voltage the cable in question is intended to carry and the 

shunt capacitance /unit of length of the cable to essentially 
eliminate capacitive currents in the cable. Thus, when the 
inductors are arranged more closely together, these may be 
made smaller. At a given size of the inductors, these must 

30 be arranged more closely together the higher the above- 
mentioned voltage is and the greater the shunt capacitance- 
/unit of length of the cable is. 



35 



Further advantages and advantageous features of the inven- 
tion will be clear from the following description and the 
other dependent claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will be described 
below with reference to the accompanying drawings , wherein: 

5 

Figure 1 is a very schematic sketch illustrating the type of 
installation to which the invention relates, 



Figure 2 is a partially cut-away view illustrating the com- 
10 position and function of a cable used in an instal- 

lation according to the invention for transmission 
of electric power, 



Figure 3 is a schematic view illustrating an integration of 
15 an inductor with a cable in an installation accor- 

ding to a preferred embodiment of the invention, 



Figure 4 is a schematic sketch illustrating what is achieved 
through the present invention, 

20 

Figure 5 is a schematic view illustrating an installation 

according to one preferred embodiment of the inven- 
tion, 



25 Figure 6 is a schematic view of part of an installation 

according to another preferred embodiment of the 
invention, and 



Figure 7 is a very simplified view of part of an installa- 
30 tion according to yet another preferred embodiment 

of the invention. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 
INVENTION 

35 

Figure 1 illustrates very schematically an installation for 
transmission of electric power via a high-voltage ac voltage 
of the kind to which the invention relates, namely, compri- 
sing two schematically indicated switchgear units 1, 2, 
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located at a large distance from each other and connecting 
the ac voltage line 3. In the present case, the ac voltage 
line is formed from one extruded cable per phase, and the 
composition of such a cable will be described further on 
5 with reference to Figure 2. This cable is designed to have a 
system voltage of between 50 kV and 500 kv, preferably of 
between 30 kV and 300 kV between its conductor and ground. 
The installation is preferably designed for a maximum trans- 
missible power, via the ac voltage line, of 50 MW - 600 MW. 
10 The distance between the two switchgear units preferably 

exceeds 25 km and may typically be within the range of 50 km 
- 300 1cm. 



Figure 2 shows a possible appearance of an extruded cable, 
15 included in the ac voltage line 3 . The cable 4 exhibits an 
inner electric conductor 5, a relatively thick insulating 
layer 6 of solid material surrounding the conductor, and an 
outer screen layer 7 located at ground potential. In addi- 
tion, the cable preferably comprises an inner layer 8, 
20 arranged nearest the conductor 5, with an electrical conduc- 
tivity that is lower than the electrical conductivity of the 
conductor but sufficient to cause this inner layer to act in 
a potential-equalizing manner to equalize the electric field 
externally of this inner layer. The screen layer 7 has an 

2 5 electrical conductivity that is higher than that of the in- 

sulating layer to render the screen layer capable of func- 
tioning in a potential-equalizing manner, through connection 
to ground, and to essentially enclose the electric field 
that arises inside the screen layer as a result of the elec- 

3 0 trie conductor. Although its presence is to prefer, the 

inner layer 8 could be omitted. The cable is advantageously 
of an extruded type, in which the insulating layer 6 is of 
cross-linked polyethylene. 



3 5 Figure 2 also schematically illustrates the equivalent cir- 
cuit 9 to the cable 4. The voltage that is applied between 
the conductor 5 of the cable and the screen layer 7 across 
the intermediate insulating layer 6 will result in a capaci- 
tive coupling (illustrated by the capacitors in the equiva- 
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lent circuit) between the conductor and the screen layer, 
the size of which increases with increasing voltage drop per 
- of thickness of the insulating layer 6, that is, with a 
higher electric field. This results in a capacitive current 
5 i c through the cable that may be calculated according to the 
lowing formula: 

* I c = U • 27C ■ f • C 

* ::e, U is the voltage between the conductor 5 and the 

■ • -een layer 7, f is the frequency with which the voltage 
.„£ies, and C is the capacitance of the cable. Unless any 
fecial measures are taken, this capacitive current will 

sake up an unacceptably large part of the current handling 
15 capacity of the cable, such that the ability of the cable to 

transmit active power is reduced to too low a level. 

However, the present solution solves this problem by inte- 
grating into the cable, along the extent of the cable be- 
20 tween the switchgear units, one or more inductors connected 
between the conductor 5 of the cable and ground 7 for reac- 
tive shunt compensation. How to achieve this is illustrated 
in Figure 3 for a cable. The cable 4 is here divided at the 
location for connection of the inductor into two parts 4 ' , 
25 4", which are each connected by their inner conductor to a 
connection device 10, 11. The connection devices 10, 11 are 
arranged in a casing 12 that is located at ground potential 
.and that encloses the inductor. The inductor 13 has a wind- 
ing that is connected by one end to a connection device 14 
3 0 and by its other end 15 to the casing. A member 25 is adap- 
ted to electrically connect the three connection devices 10, 
11 and 14 to one another. In this way, the inductor will be 
connected in parallel with the capacitance C of the cable in 
the way illustrated in Figure 4. This will cause a reactive 
35 current to be generated through the inductor 13, which cur- 
rent will compensate for the capacitive current produced in 
the cable. In this way, it will be possible to significantly 
increase the current handling capacity of the cable, and 
. hence the ability to transmit active power, such that the 
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capacitive currents in the cable may be considered to be 
essentially eliminated. 

A suitable dimension of an inductor of the above-mentioned 
5 kind is for a reactive power of 5-30 MVAr . Preferably, such 
inductors are essentially uniformly distributed along the ac 
voltage line, that is, along the cable or cables, as schema- 
tically illustrated in Figure 5. In this context, feasible 
distances between adjacently located inductors are 5-40 km, 

10 preferably 10-25 km. In the embodiment shown in Figure 5, 

two switchgear units 1, 2 are arranged at a mutual distance 
of about 2 00 km. With a mutual distance of -20 km, inductors 
of 10 MVAr are integrated with the cable in the manner desc- 
ribed above. The cable is here an XLPE cable (cross-linked 

15 polyethylene) with a conductor that has a cross section of 
3 00 mm 2 and that is designed for a system voltage of 132 kV. 
This device entails a very good compensation of the capaci- 
tive currents through the inductors 13 which are generated 
in the cable. 

20 

This figure also schematically illustrates how an optical 
fibre 16 is laid along the cable or integrated into the 
cable for use of a device 17 for protection of the instal- 
lation, especially the cable and the inductors, and for 
25 communication between different parts of the installation. 
The optical fibre may also advantageously be used for com- 
mercial communication, such as for telecommunications. 

In the case of a three-phase line, inductors of the kind 
3 0 shown in Figure 3 may very well be used and connected to 

respective phase cables, but it is also possible to arrange 
an inductor as illustrated in Figure 6, which is common to 
the phases. This inductor has three separate inductor wind- 
ings 18-20 arranged on respective phase legs of a common 
35 core 21 and they are each connected to the respective phase 
cable on their upstream side and to a common ground connec- 
tion on their downstream side. Figure 6 also illustrates how 
it is possible to provide the inductor with an auxiliary 
winding 22 for delivering auxiliary energy via circuits 23, 
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connected to the auxiliary winding, to optional consumers or 
loads. This provides a possibility, simultaneously with the 
cable being installed, of supplying a plurality of different 
consumers with power, such as communication equipment, etc. 
5 This can be done in a very cost-effective way. 

Figure 7 schematically illustrates how an inductor 13, which 
is integrated into a cable 4', 4" , could be arranged comple- 
tely or partially buried in the ground. The ground level is 
10 indicated by 24. In this way, the cable connections will be 
located below ground level and hence the requirements for 
protection thereof will be eliminated. 



The invention is not, of course, limited to the preferred 
15 embodiments described above, but a number of possibilities 
of modifications thereof should be obvious to a person 
skilled in the art without deviating from the basic concept 
of the invention as defined in the appended claims. 

20 For example, one single inductor could be integrated with 
the cable in those cases where the distance between two 
switchgear units is not too large, such as, for example, of 
the order of magnitude of 10-30 km. 

25 The inductor may be of a varying type and also be designed 
as a so-called controllable reactor, that is, with a possi- 
bility of adjusting its inductance to the prevailing opera- 
ting conditions of the installation. 



30 



WO 2004/027958 




PCT/SE2003/001426 



CLAIMS 

1. An installation for transmission of electric power via a 
high-voltage ac voltage line (3) between two switchgear 

5 units (1, 2) located at a large distance from each other, 
characterized in that, for the transmission of the electric 
power, the ac voltage line comprises at least one extruded 
cable (4) with an inner electric conductor (5) , an insula- 
ting layer (6) of a solid material surrounding said conduc- 

10 tor, and an outer screen layer (7) located at ground poten- 
tial, and that, in addition, the installation comprises one 
or more inductors (13) located along the extent of the cable 
between the switchgear units and integrated into the cable, 
said inductors being connected between the conductor of the 

15 cable and ground for reactive shunt compensation. 

2. An installation according to claim 1, characterized in 
that it comprises a plurality of said inductors (13) dis- 
tributed along the line at considerable distances from each 

20 other. 

3. An installation according to claim 2, characterized in 
that said inductors (13) are essentially uniformly distri- 
buted along the line. 

25 

4. An installation according to any of the preceding claims, 
characterized in that the cable (4) is of an extruded type, 
that is, with an insulating layer (6) of cross-linked poly- 
ethylene . 

30 

5. An installation according to any of the preceding claims, 
characterized in that the cable (4) is of the type that also 
comprises an inner layer (8) , arranged nearest the conductor 
(5), with an electrical conductivity that is lower than the 

35 electrical conductivity of the conductor but sufficient to 
cause this inner layer to act in a potential-equalizing 
manner to equalize the electric field externally of this 
inner layer, and that the screen layer (7) has an electrical 
conductivity that is higher than that of the insulating 
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layer (6) to render the screen layer capable of functioning 
in a potential-equalizing manner, through connection to 
ground, and to essentially enclose the electric field that 
arises inside the screen layer as a result of the electric 
5 conductor. 

6- An installation according to any of the preceding claims, 
characterized in that the inductor (13) is completely or 
partially buried in the ground. 

10 

7. An installation according to any of the preceding claims, 
characterized in that the cable, at the inductor, is divided 
into a cable part (4 ',4") on both sides of the point of con- 
nection to the cable, that the installation comprises means 

15 for connection of the inductor to the cable comprising three 
connection devices (10, 11, 14) for connection of an end of 
the electric conductor (5) of each cable part to a respec- 
tive such device and an end of the inductor to the third 
device, and a member (25) for electrically interconnecting 

20 the three devices. 

8. An installation according to any of the preceding claims, 
characterized in that the inductor (13) comprises a winding 
arranged in a casing (12) located at ground potential, said 

25 winding being connected by one end to the electric conductor 
(5) of the cable and by its other end (15) to the casing. 

9. An installation according to any of the preceding claims, 
characterized in that the inductor (13) is provided with an 

30 auxiliary winding (22) for delivering auxiliary energy to a 
consumer, such as equipment for operation of parts of the 
installation and communication between such parts and/or be- 
tween the installation and external equipment. 

35 10. An installation according to any of the preceding 

claims, characterized in that it comprises an optical fibre 
(16) , laid along the cable or integrated into the cable, for 
use of a device (17) for protection of the installation 
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and/or commercial communication within the installation 
and/ or with the surroundings. 

11. An installation according to any of the preceding 

5 claims, characterized in that the ac voltage line exhibits 
three phases with a said cable for each phase. 

12. An installation according to claim 11, characterized in 
that the inductor is of three-phase type with the cables of 

10 the respective phase connected to a separate inductor wind- 
ing (18-20) in a respective phase leg of a common core (21) . 

13. An installation according to any of the preceding 
claims, characterized in that the cable (4) is designed to 

15 have a system voltage of between 50 kv and 500 kV, prefera- 
bly between 30 kV and 300 kV, between the conductor (5) and 
the screen layer (7) . 

14. An installation according to any of the preceding 

20 claims, characterized in that the installation is designed 
for a maximum transmissible power, via the ac voltage line 
(3) , of 50 MW-600 MW. 

15 . An installation according to any of the preceding 

2 5 claims, characterized in that the distance between said 

switchgear units (1,2) exceeds 25 km. 

16. An installation according to any of the preceding 
claims, characterized in that the distance between a said 

30 inductor (13), located nearest a switchgear unit, and the 
switchgear unit (1,2) and between adjacent said inductors 
(13), respectively, is 5-40 km, preferably 10-25 km. 

17 . An installation according to any of the preceding 

3 5 claims, characterized in that said inductor (13) is dimen- 

sioned for a reactive power of 5-30 MVAr. 



18. An installation according to any of the preceding 
claims, characterized in that the dimensioning of a said 
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.inductor (13) and the distance between adjacent inductors 
rind between a said inductor and a switchgear unit (1, 2), 
~&spectively, are adapted to the magnitude of the voltage 
':he cable is intended to carry and the shunt capacitance- 
. unit of length of the cable to essentially eliminate 
capacitive currents in the cable. 
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